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466 nonpolar solvent such as benzene, and its capacity to adsorb water varied greatly with temperature.
In this study, periodic adsorption and desorption were investigated to utilize the great temperature dependency and the reversibility of adsorption equilibria of the resin-water system. A tapered column was used to reduce the pressure drop due to expansion of the resin.
Principle of Adsorption and Desorption Process
Adsorption isotherms are always linear and there are significant differences of adsorption capacity between 283K and 333K. The solubilities of water in benzene are 0.396 and 1.44kg/m3 at 283K and 333K.
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Therefore, it is feasible to use this difference to removewater from benzene. Therefore, solvent dried in one cycle can be obtained by subtracting.the volume obtained in the desorption process from that in the adsorption process.
Experimental 2.1 Adsorbent
A strongly acidic cation exchange resin, Dowex 50W-X8, which was essentially identical to the Dowex HCR-Sdescribed in the previous paper,2) was used as an adsorbent. Portions of average particle diameter 0.115 and 0.324mm were used.
Experimental apparatus and procedure
Feed solution was prepared to obtain the required concentration by adding distilled water to dried benzene. Feed solution was introduced to the bottom of the adsorption columnthrough a flow control valve, a rotameter and a heat exchanger. Both adsorption and desorption were carried out in up flow and samples for analysis were taken at the top of the columnwith a syringe. The column and the heat exchanger were maintained at 283K for adsorption and at 333K for desorption. The pressure drop in the bed was measured by a mercury manometer. The volumeof the resin bed increased with adsorption of water and finally showed about 30% increase in volume. Therefore, the pressure drop increased rapidly in a fixed bed packed with small particles and it was difficult for the solution to flow through the column. This problem was solved by using a tapered fixed-bed column with a slightly conical shape. Namely, the fixed-bed column was changed to a tapered glass tube of 7.0 mmaverage i.d. The angle of the taper was 0.015 radian and the bed height was 30mm. Adsorption and desorption operations were repeated for the same column. The moisture concentration in benzene was measured by a Karl-Fisher moisture meter. Figure 2 shows adsorption isotherms of water in benzene for cation-exchange resin, Dowex 50W-X8in the Na+ and H+ forms at 283K and 333K. The adsorption isotherms are represented by linear relations. Adsorption capacities are significantly different between 283 K and 333 K. Adsorption capacity of the resin in the H+form is greater than that in the Na+form. However, since the resin in the H+ form was unstable in benzene, that in the Na+ form was adopted for the work described in the following sections. Figure 3 shows the pressure drop in the fixed bed of both straight and tapered column during adsorption.
Pressure drop in the fixed bed
The average diameter of the resin, dp, was 1.15 x 10~4m and the amount, W, was 1.06xl0~3kg. The flow rate, w, was 3.0x 10~3m/s and the initial length of the bed was about 3.0xl0~2m. In the case of the tapered column, the bed expanded easily in the axial direction and the pressure drop did not increase greatly. Figure 4 shows results for the tapered fixed bed. The water concentration of feed solution to the column, Co, was 0.22kg/m3. The desorption curve was obtained by operating with benzene at a water concentration of 0.0415 kg/m3 at 333 K. The ordinate of this figure indicates C/Co for adsorption and KUC/(KLCO) for desorption since the maximumconcentration in the desorption process was KhC0/KH.
Adsorption and desorption in the tapered column
The influences of water concentrations of feed solution, particle sizes, and flow rates were examined for the tapered fixed bed as shown in Figs. 5-7.
Calculated breakthrough curves
Theoretical breakthrough curves in the case of a linear isotherm were calculated by an analytical solution,3) taking account of axial dispersion and resistances of intraparticle diffusion and mass transfer from liquid to solid. Although liquid velocity in the tapered column decreased along the axial direction by The breakthrough curves are almost independent of feed concentration, as shown in Fig. 5 . This result could be predicted from the fact that the adsorption isotherm was linear. The breakthrough curve is steeper for smaller-size resin, as shown in Fig. 6 . Then the intraparticle diffusion resistance became significant for the larger-size resin. The effect of flow rate is shown in Fig. 7 . The curve is steeper for lower flow rates. The desorption curve was also calculated and is shown in Fig. 4 . The parameters were determined as Although several studies1'3 5'7'9) have been presented on the mechanismof the permeation of phenol through emulsion liquid membranes containing aqueous sodium hydroxide solutions in the internal droplets, the effective diffusivity in W/Oemulsion drops has not been investigated in detail.
One of the present authors derived an equation of the effective diffusivity by applying Russel's model,6) which had been proposed for conductive heat transfer through porous media, to the diffusion of phenol9) and amine8) in W/Oemulsion drops, and suggested the possibility that phenol can be transported in the forms of phenol and phenolate ion in the internal Received April 4, 1986. Correspondence concerning this article should be addressed to M. Teramoto. VOL. 19 NO. 5 1986 aqueous phase. This transport is regarded as a kind of facilitated transport in which OH~functions as a carrier of phenol. However, the contribution of the facilitated diffusion to the total flux through W/O emulsion phase was not elucidated. In this work, the equation of effective diffusivity is derived by taking into account the facilitated diffusion on the basis of Russel's model.
Model Description
The mass transfer model is schematically shown in Fig. 1 . The small cube represents a droplet of the internal aqueous phase and the large cube an element which consists of a droplet of the internal aqueous phase and the membrane which surrounds the drop-
